Background: Single port thoracoscopy is an approach aimed at minimizing trauma to the chest wall during lung resection. The objectives of this study were to describe early experience in the transition from multiple port video-assisted thoracic surgery (VATS) to single port surgery (S-VATS) and to compare perioperative outcomes between approaches.
Introduction
Surgical instrumentation of the intercostal spaces and torque applied to ribs and costovertebral joints are major contributors to postoperative pain after thoracoscopic surgery. New operative approaches, such as single port thoracoscopy, have been developed with the intent to minimize trauma to these chest wall structures. Since the first report of single port pulmonary resection, the approach has been continually refined to allow safe completion of increasingly complex pulmonary resections (1) (2) . The objectives of this study were to characterize the transition from multiple port video-assisted thoracic surgery (VATS) to single port VATS anatomic lung resection (S-VATS) and to evaluate its impact on intraoperative and early postoperative outcomes. We had two hypotheses: (I) transition from VATS to S-VATS is safe and feasible for thoracic surgeons with experience in minimally invasive anatomic pulmonary resection and (II) S-VATS is associated with decreased early postoperative pain compared to VATS.
Methods and materials

Patients and outcomes
With approval from the Research Ethics Board, consecutive anatomic lung resections performed from August 2014 to August 2015 using S-VATS were retrospectively reviewed and compared to an equal number of multiple port VATS patients entered in a prospective database from December 2012 to May 2014. All operations were performed by a single surgeon. Baseline preoperative workup included a combined PET-CT scan and pulmonary function tests. Cerebral MRI was performed selectively for patients with larger tumors (≥5 cm), suspected stage IIIA nonsmall cell lung cancer (NSCLC), neurologic symptoms at presentation or limited pulmonary function. Patients aged over 70 years old with one or more risk factors for coronary artery disease had preoperative cardiac stress testing and/or cardiorespiratory exercise testing. Patients with a peripheral tumor 3 cm or less in size, a negative mediastinum on PET-CT and acceptable pulmonary function (FEV1% and DLCO% >50% predicted) underwent mediastinal staging at the time of pulmonary resection.
Patient age, gender, body mass index (BMI), past history of smoking, Charlson comorbidity index and pulmonary function test results were recorded. Intraoperative outcomes included: tumor size, total number of lymph nodes sampled, surgical margin status, conversion to thoracotomy, number of stapler cartridges, number of chest tubes and operative time. Duration of chest tube drainage, postoperative pain assessment and length of stay were also recorded. Complications, both intraoperative and postoperative, were documented prospectively throughout the study period using our Thoracic Morbidity and Mortality (TMM) classification system (3), which is compatible with the Society of Thoracic Surgeons database. Each complication was assigned a grade according to methodology described in detail elsewhere (https://ottawatmm.org). In brief, grade I complications do not require an intervention, grade II complications require a medical intervention, grade III complications require a procedural intervention and grade IV complications are defined as organ failure requiring support available only in an intensive care unit. Postoperative pain assessment included the number of days on a patient controlled analgesia (PCA) device, the total dose of narcotic administered through the PCA reported as milligrams of hydromorphone, the level of pain reported by the patient using a visual analogue scale (VAS) (0 to 10) at 1 and 24 hours postoperatively and the patient satisfaction rating of pain control at 24 hours as a binary outcome (0= not satisfied, 1= satisfied).
Statistical analysis
Categorical variables were analyzed for statistical significance using Fisher's exact test. Numerical variables were compared using the student's t-test or the Wilcoxon rank sum wherever appropriate. A P value less than 0.05 was considered significant and all tests of significance were twosided. Numerical continuous data is expressed as a median value with a 25 th -75 th percentile interquartile range (IQR).
Statistical calculations were performed using SPSS 22 (IBM, Armonk, NY, USA).
Single port technique
The surgeon involved in the transition received formal training in advanced minimally invasive thoracic surgery and had over 10 years of experience with VATS anatomic lung resections. The established plan for transition to S-VATS was to enforce a low threshold for conversion to VATS should any compromise in exposure or safety arise during the operation. Guidelines for conversion to open thoracotomy were similar to VATS cases and included unexpected oncologic findings and/or hemorrhage that cannot be controlled using thoracoscopy. Finally, given our institutional commitment to the future of thoracic surgery, the transition would not be allowed to unfold at the detriment of the procedural experience and training of surgical residents. Under general anesthesia and single-lung ventilation, the S-VATS anatomic resection was started by making a 3-5 cm access incision centered between the mid and anterior axillary lines in the fifth intercostal space. The incision for S-VATS was placed lower (fifth intercostal space) than the access incision used during multiple port cases (fourth intercostal space). A wound protector was inserted into the single access incision. A 30-degree, 10 © Annals of Cardiothoracic Surgery. All rights reserved.
Ann Cardiothorac Surg 2016;5(2):92-99 www.annalscts.com mm thoracoscope was placed at the posterior aspect of the wound and held in place using a supportive, flexible arm secured to the operating table. Figure 1 illustrates the optimal position of the scope, as well as the retracting and dissecting instruments within the intercostal space. Note is made of the change in position of the light source connector (i.e., camera post) in relationship to the camera head depending on whether dissection is occurring at the anterior or posterior hilum. As opposed to previous technical descriptions of S-VATS procedures, a 30-degree scope was selected in order to minimize potential conflicts between the scope and surgical instruments. The monitor was placed on a straight line between the operating surgeon, camera and pulmonary hilum. Figures 2-5 illustrate how the angle of insertion of the camera and the position of the camera post (i.e., 30-degrees up or down) can be adjusted to allow optimal, circumferential visualization of the pulmonary hilum and mediastinum. All of the S-VATS procedures were performed using widely available, open surgical instruments with occasional use of laparoscopic alligator graspers. The operative setup requires minimal input from the surgical assistant since the surgeon can apply appropriate traction, expose, dissect and divide bronchopulmonary structures and pulmonary vessels. In addition, the surgeon can easily reposition the camera that is held steady by the scope stabilizer. With the exception of lower lobe segmental resections, dissection within the major fissure was avoided. As recommended for S-VATS resection of upper lobe tumors, the most proximal pulmonary arterial branch was divided first in order to allow safe division of the venous tributaries with the vascular stapler. This is not typically performed during multiple port VATS upper lobectomy. Another distinction is that, in S-VATS cases, the pleural space was drained with only one chest tube placed through the single port incision. All multiple port cases were drained with two chest tubes.
Multiple port technique
Multiple port VATS resection has been previously defined and described extensively (4) . Briefly, a 10 mm port is placed at the eighth intercostal space at the mid-axillary line for the thoracoscope. The 3-5 cm access port was placed in the fourth intercostal space and centered over the anterior axillary line. A 5 mm port was placed in the auscultatory triangle along with another 5 mm port 2-3 interspaces below to allow assistance with both hands. In some cases, an additional anterior 5 or 10 mm port incision was made inferior to the access incision. In this approach, the camera is at an approximate 90-degree angle to the axis formed by the operating surgeon, hilar structures and video monitor.
Results
Patients in both the S-VATS and VATS groups were similar with respect to age, gender, BMI, smoking, comorbidity and pulmonary function tests (see Table 1 Table 2) .
There was no postoperative mortality in the study population. There was no significant difference in the number of patients who experienced a minor complication (TMM grade I-II) (S-VATS=9/50 (18%); VATS=13/50 (26%); P=0.47). Major complication rates (TMM grade III-IV) were also similar between groups (S-VATS=10/50 [20%]; VATS=5/50 [10%]; P=0.26). Most of these were pleural complications which were resolved after insertion of a chest tube (S-VATS=6/50 (12%); VATS=4/50 (8%); P=0.74). Two other patients in the S-VATS group (4%) required endoscopic procedures for hemoptysis and gastrointestinal bleeding. The grade IV complications were due to respiratory distress requiring transfer to intensive care for ventilatory support (S-VATS=2/50 (4%); VATS=1/50 (2%); P=1.0) ( Table 2) .
Five patients (10%) in both the VATS and S-VATS groups had an epidural placed at the discretion of the anesthetist. The median number of days with a PCA was not Table 2 ). There was no significant difference in the number of patients reporting satisfactory pain control at 24 hours {S-VATS=47/50 [94%]; VATS=48/50 [96%]; P=0.74}.
Discussion
The single port VATS approach to pulmonary resection has been under development for over 10 years (1). To our knowledge, the world-wide experience published in the English scientific literature remains limited with less than 1,000 cases of anatomic lung resection (2, (5) (6) (7) (8) (9) (10) (11) (12) . Our general approach to the introduction of new surgical techniques or technology into clinical practice has emphasized safety and efficacy by carefully recording and analyzing outcomes (13, 14) . It is only very recently that other comparative studies of multiple port and single port lung resection have started to emerge. Investigators from Asia have demonstrated that single port lung resection is safe when compared to the multiple port approach (10) . Similarly, our results show comparable intraoperative and early postoperative outcomes. For the past several years, all intraoperative and postoperative adverse events occurring within our thoracic unit have been recorded prospectively and reviewed at weekly conferences. We have found that this methodology leads to more accurate and generally higher complication rates than retrospective review with partial or even complete patient sampling (15) . Since all major procedures performed within out unit are submitted to the same scrutiny, the absence of any significant difference in complication grade or rate between S-VATS and VATS lung resections is a reliable indicator that patient safety was preserved during the transition period.
We also had concerns with regard to the impact of adopting a new surgical approach on the operative experience of surgical trainees. Although we do not yet have conclusive evidence, we observed that single port exposure, dissection and division of anatomic structures could be learned by thoracic surgery residents through closely supervised involvement in all parts of the procedure. At the beginning of our experience, we expected the learning curve and limited intrathoracic access to negatively impact operative efficiency. However, the results suggest otherwise as operating time for single port procedures was not significantly longer.
We thought that it would be valuable to describe the subjective experience associated with adopting this new surgical approach. We recognize that the lack of objective metrics to quantify this process is problematic. Nevertheless, there may be value in identifying successful strategies and pitfalls. The literature emphasizes the need for a gradual transition from multiple port to dual port to single port surgery (2) . After reviewing the literature, attending lectures and courses and discussing specific technical aspects with experts, a decision was made to proceed directly from 4-5 ports to 1 port. We elected to apply the same patient selection criteria for S-VATS and VATS in order to ensure that the case volume would be sufficient to allow a steady climb up the initial part of the learning curve. As a matter of patient safety, the planned threshold for conversion from single port to multiple port VATS was low. We were initially concerned about the unavailability of dedicated S-VATS instruments at our institution. Although the potential advantages of special purpose instrumentation are undeniable, it is clear from our results that the single port approach also lends itself to the use of conventional instruments without compromising exposure or safety.
We also elected to use a 30-degree instead of a 0-degree thoracoscope because of familiarity with the instrument, availability of additional viewing angles and the option to create more room between the optics and the surgical instruments. Having gained experience with the single port approach, we agree with the argument that keeping the geometric plane of the scope as close as possible to the plane of the instruments produces a view of the surgical field that more closely resembles the open thoracotomy perspective when the surgeon is facing the patient's anterior chest (16) . There may be as many as 47% of patients reporting chronic pain symptoms after VATS procedures (17) . It has been suggested that perioperative pain is decreased in patients undergoing a single port wedge resection or pleurectomy compared to patients having the same procedure using a multiple port technique (18) . Other authors have claimed that accessing a single intercostal space minimizes postoperative pain but objective data to support this assertion is still lacking (2, 19) . We can think of at least two potential explanations for decreased postoperative pain following S-VATS. First, only one anterior intercostal space is subjected to surgical injury. Secondly, positioning of the camera and instruments in a plane that closely parallels the intercostal space greatly reduces any torque forces that are commonly applied to the rib periosteum and intercostal nerve bundle during conventional thoracoscopy. We observed significantly lower VAS scores at 1 hour in the S-VATS group. Although this could be related to the approach per se, it could also be attributed to the fact that successful local anesthesia of a single interspace can probably be achieved more easily and reliably. Despite these advantages, the results did not show any differences in intraoperative narcotic use, postoperative narcotic use or pain scores at 24 hours. Clearly, more longterm objective data is needed before drawing conclusions. In our opinion, single port lung resection still represents a significant advance in minimally invasive thoracic surgery in terms of ergonomics and minimizing chest wall trauma. This approach has the potential to improve the currently limited adoption of the VATS approach for major lung resections (20, 21) . As technology and techniques continue to evolve, we also look forward to the emergence of competing approaches that allow these procedures to be performed without any intercostal access (22) .
In light of the study design and despite some degree of prospective data collection, the results are susceptible to potential biases inherent to retrospective reviews. We realize that generalizability is limited because the results reflect a single surgeon's experience. In addition, there are potential confounding factors which may have obscured the relationship between approach and postoperative pain. These include the routine use of pre-emptive, multi-level intercostal blocks which provide pain relief for several hours after surgery and the subjective differences in the individual patient's reaction to postoperative nociceptive stimuli. We acknowledge that any potential reduction in postoperative pain as a result of the single port approach could have become apparent later in the postoperative recovery and was thus undetectable using our methodology. Although we purposefully focused this report on intra-operative and early postoperative outcomes, we realize the importance of continued efforts to gather long-term data in order to provide a more complete picture of the potential impact of the single port approach on clinical outcomes.
Based on our early experience, transition from VATS to S-VATS anatomic lung resection can be accomplished while preserving intraoperative patient safety, oncologic quality and operating room resource utilization. Mid to long term pain outcomes will need further objective evaluation. More comparative data is needed to enable surgeons to critically appraise the potential benefits and drawbacks of alternative surgical approaches over established minimally invasive techniques.
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